Lyme disease, a tick-borne spirochetosis [1] , is associated with characteristic immune findings. Elevated serum IgM levels in patients with active erythema chronicum migrans (ECM) predict subsequent nervous system, heart, or joint involvement, and serial determinations of IgM are generally the best laboratory indicator of disease activity [2] . In addition, patients with nervous system or joint abnormalities have an increased frequency of the B-cell alloantigen, DR2 [3] . During the last three summers, from 1981 through 1983, we performed the first tests of cellular immunity in Lyme disease. We report here that active Lyme disease is often associated with lymphopenia, less spontaneous suppressor cell activity than normal, and a heightened response of lymphocytes to phytohemagglutinin (PHA) and Lyme spirochetal antigens. These changes correlate with disease activity and the serum IgM level.
During the 1981 summer, we studied 48 patients at different stages of Lyme disease. Each patient was studied only once during active illness or convalescence [4] . During acute disease, activity was rated on a scale of 1+ (ECM, but no associated symptoms) to 6 + (the most severe and extensive involvement). For patients tested during convalescence, the degree of improvement was subtracted from the acute disease score [4] . Serum IgM was measured by laser nephelometry [5] , the number of T cells by E-rosetting [6] , PHA stimulation by tritiated thymidine incorporation [6] , and spontaneous suppressor cell activity, by a previously described protocol [7] .
At each stage, some patients, particularly those with neuritis or carditis, had elevated serum IgM levels and lymphopenia (Table 1) . During active ECM, mononuclear cells tended to respond normally to PHA and spontaneous suppressor cell activity was greater than normal. Later, during active neuritis, carditis, or ar- These data were further analyzed by multiple regression analysis [8] . There was a direct correlation between the natural log of serum IgM and disease activity (p = 0.025) ( Table 2 ). Thus, the more active the disease, the higher the IgM level. In contrast, the log IgM level correlated inversely with the log of the number of T cells (p = 0.02). Thus, the higher the IgM level, the lower the jiumber of T cells. The log of the PHA response of lymphocytes and the log of the spontaneous suppressor cell activity correlated directly with the log serum IgM during acute disease only (p = 0.004 and 0.03, respectively). Thus, during active disease, a higher IgM level was associated with a greater PHA response and less suppressor cell activity than normal.
By summer 1983, the causative agent of Lyme disease was known [1] . Therefore, during the past year, we tested the response of patients' mononuclear cells to a sonicated preparation of the Lyme spirochete. The response of mononuclear cells was determined by tritiated thymidine uptake after five days of incubation with Lyme antigens (100 jg/ml). As shown in Table 3 , cells from normal subjects responded very little to the preparation. During acute ECM, the response of patients' cells was similar to control subjects, but rose several-fold during con- valescence. Patients with active arthritis had higher levels. By far the greatest response, however, was seen in joint fluid mononuclear cells; the response of these cells was five-to twenty-fold greater than that found in peripheral blood mononuclear cells of the same patient. As the arthritis resolved, the response in blood decreased. Previous investigations of Lyme disease have shown that total serum IgM levels correlate with disease activity and total IgG, with remission [2] . The elevated IgM levels may result from polyclonal activation of B cells, perhaps by the infectious agent itself. In this study, T lymphopenia was found to be a frequent feature of active disease, and absolute T-cell counts correlated inversely with total IgM levels. It is possible that a subpopulation of T cells is deleted which allows for B-cell isotype switching [9] . The tests of T-cell function showed that active, established Lyme disease is generally associated with less spontaneous suppressor cell activity than normal and heightened responsiveness to PHA and Lyme spirochetal antigens. Perhaps a subpopulation of T cells is also affected that is important in the elaboration of suppression. This decreased suppression might permit damage to host tissues by either autoimmune phenomena or by a heightened response to the Lyme spirochete. Since the causative agent of Lyme disease is now known, this illness offers a unique opportunity to examine the interactions of an infectious agent, a specific set of immune response genes, and the characteristic immune response that together may result in chronic arthritis in the host.
